Background: The present study reports the antibacterial capacity of alkaloid compounds in combination with Methicillin and Ampicillin-resistants bacteria isolated from clinical samples. The resistance of different bacteria strains to the current antibacterial agents, their toxicity and the cost of the treatment have led to the development of natural products against the bacteria resistant infections when applied in combination with conventional antimicrobial drugs. Method: The antibacterial assays in this study were performed by using inhibition zone diameters, MIC, MBC methods, the time-kill assay and the Fractional Inhibitory Concentration Index (FICI) determination. On the whole, fifteen Gram-positive bacterial strains (MRSA/ARSA) were used. Negative control was prepared using discs impregnated with 10 % DMSO in water and commercially available Methicillin and Ampicillin from Alkom Laboratories LTD were used as positive reference standards for all bacterial strains. Results: We noticed that the highest activities were founded with the combination of alkaloid compounds and conventional antibiotics against all bacteria strains. Then, results showed that after 7 h exposition there was no viable microorganism in the initial inoculums. Conclusion: The results of this study showed that alkaloid compounds in combination with conventional antibiotics (Methicillin, Ampicillin) exhibited antimicrobial effects against microorganisms tested. These results validate the ethno-botanical use of Cienfuegosia digitata Cav. (Malvaceae) in Burkina Faso. Moreover, this study demonstrates the potential of this herbaceous as a source of antibacterial agent that could be effectively used for future health care purposes.
Background
Infectious diseases constitute the leading cause of premature deaths in the world and kill almost 50,000 people every day. An increase in antibiotic resistant bacteria is threatening world population with the recurrence of infectious diseases that were once thought to be under control at least in developed countries. In the recent years incidence of multi-drug resistance in Gram-positive, Gram-negative and other bacteria like Mycobacterium tuberculosis has been reported from all over the world [1] . These multi-drug resistant bacteria have also created additional problems in cancer and AIDS patients.
Methicillin resistant Staphylococcus aureus (MRSA) has gained much attention in the last decade, as the MRSA is a major cause of hospital acquired (nosoconical infections) β-lactam antibiotics are the preferred drugs against Staphylococcus aureus infections. S.aureus has developed resistance to the β-lactam antibiotics due to the production of chromosomal or plasmid mediated β-lactamases [2] . Moreover, increase incidence of vancomycinresistant has also been reported [3] . Thus, the number of effective exogenous antibiotics is decreasing; therefore concerted efforts are to be made to identify antimicrobial materials from natural products and traditional medicines.
In effect, different extracts from traditional medicinal plants have been tested to identify the sources of the therapeutics effect [4] . Over the past 20 years, there has been an increased interest in the development of resistance of pathogens against antibiotics caused by the indiscriminate use of modern antibiotics [5, 6] . As a result some natural products have been approved as new antibacterial drugs but there is still an urgent need to identify novel substances that are active towards pathogens with high resistance [7] . Considering the high cost of the synthetic drugs and their side effects, wide varieties of natural plants can be considered as a vital source for anti-microbial agents [8] .
Therefore, the need of new and effective antimicrobial agents with broad-spectrum of activity from natural sources is increasing day by day [9] . In spite of the great advances observed in modern medicine therefore, plants still make an important contribution to health care. This is due in part to the recognition of the value of traditional medical systems and the identification of medicinal plants from indigenous pharmacopoeias which have significant healing power [10] . In addition, natural plant products, accordingly provide a contimal inspiration of bioactive antimicrobial agents with low toxicity, a broad spectrum and good pharmacokinetics to be clinically used without chemical modification [11] . So, such plants should be investigated to better understand their therapeutic properties, safety and efficiency [12] .
Herbal medicine has become an ideal remedy for treatment of the diseases due to lesser amount of side effects, better compatibility and only accessible treatment for some diseases [13] . In the continuous search for active phytochemicals against pathogenic infectious Cienfuegosia digitata Cav. (Malvaceae) an herbaceous, has received considerable attention. This plant is a savannah herbaceous belonging to the family of Malvaceae and is abundantly distributed in the central and north of in Burkina Faso. Medicinally, it is used to heal the infectious wounds, to cure the cough, throat complaints, dysentery and others infectious diseases in children: diarrhoea, acute colitis, malaria, fever, pain, variola. In addition, this plant has antibacterial, anti-inflammatory, analgesic and hepatoprotective properties [14] . In previous study, the aqueous acetone extract from this herbaceous was evaluated for its antioxidant and anti-inflammatory activities [15] due to its composition in saponosides, coumarins, steroids, polyphenol, alkaloid compounds [14] . However, no systematic study has been reported concerning antibacterial activity of aqueous acetone extract of Cienfuegosia digitata Cav. This plant has not exhaustively been screened for antimicrobial activity.
Hence, the present study was conducted to study out the antibacterial of alkaloid compounds from Cienfuegosia digitata Cav., against the locally isolated microorganisms from patients having infectious diseases. The 
Chemicals
All reagents were of analytical grade. Acetone, n-hexane were supplied by Fluka chemie (Buchs, Switzerland). INT (p-iodonitrotetrazolium chloride) was purchased from sigma-Aldrich chemie (Steinheim, Germany).
Methods

Preparation of alkaloid compounds
The harvested plant materials fresh (broken into leaf stems) were dried in the laboratory at room temperature (20-25°C), afterwards samples were ground and made alkaline and 50 g were used with 28 % ammonia and extracted with chloroform at room temperature for a total period of 24 h and then the extract was partitioned between 5% HCl and Chloroform. The aqueous phase was made alkaline again with ammonia and partitioned between water and chloroform. Finally chloroform was totally evaporated from the organic phase to form the alkaloids powder [17] .
In vitro antibacterial activity Preparation of inocula
The susceptibility tests were performed by Mueller Hinton agar-well diffusion method [18] . The bacterial strains grown on nutrient agar at 37°C for 18 h were suspended in a saline solution (0.9 %, w/v) NaCl and adjusted to a turbidity of 0.5 Mac Farland standard (10 8 CFU/ml). To obtain the inocula, these suspensions were diluted 100 times in Muller Hinton broth to give 10 6 colony forming units (CFU)/ml [19] .
Preparation of discs
The stock solutions of alkaloid compounds from Cienfuegosia digitata Cav. (Malvaceae) was dissolved in 10 % dimethylsulfoxide (DMSO) in water [20] at a final concentration of 400 μg/ml. The stock solution of alkaloid compounds from Cienfuegosia digitata Cav. (Malvaceae) was sterilized by filtration through 0.22 μm sterilizing Millipore express filter. The sterile discs (6 mm) were impregnated with 10 μL of the sterile alkaloid compounds from Cienfuegosia digitata Cav. Negative controls were prepared using discs impregnated with 10 % DMSO in water and commercially available antibiotic diffusion discs (Methicillin 25 μg and Ampicillin 25 μg from Alkom Laboratories LTD) were used as positive reference standards for all bacterial strains.
Disc-diffusion assay
Petri plates (9 cm) were prepared with 20 ml of a base layer of molten Mueller Hinton agar (DIFCO, Becton Dickinson, USA). Each Petri plate was inoculated with 15 μl of each bacterial suspension (10 6 CFU/ml). After drying in a sterile hood, 6 mm diameter discs soaked with 10 μl of the different alkaloid compounds from Cienfuegosia digitata Cav. (Malvaceae) dilutions were placed on the agar. Discs containing Methicillin (25 μg) and Ampicillin (25 μg) were used as positive controls and 10 % DMSO was used as a negative control. The plates were incubated for 24 h at 37°C. The diameters of the inhibition zones were evaluated in millimeters. The extract inducing inhibition zone ≥ 3 mm around disc were considered as antibacterial. All tests were performed in triplicate and the bacterial activity was expressed as the mean of inhibition diameters (mm) produced [21] .
Micro-well dilution assay
Minimum inhibitory concentration (MIC) was determined by the microdilution method in culture broth as recommended previously [22] . Eight serial two-fold dilutions of alkaloid compounds or conventional antibiotics were prepared as described before, to obtain final concentration range of 400 to 3.125 μg/ml. The 96-well micro-plates (NUNC, Danemark) containing 100 μL of Mueller Hinton (MH) broth were used. For each bacteria strain, three columns of eight wells to the microplate were used. Each well has getting: the culture medium + alkaloid compounds or Methicillin or Ampicillin or the combination of alkaloid compounds with Methicillin or Ampicillin + inoculum (10 μl of inocula) and INT (50 μl; 0.2 mg/ml). The plates were covered and incubated at 37°C for 24 h. All tests were performed in triplicate and the bacterial activity was expressed as the mean of inhibitions produced. Inhibition of bacterial growth was judged by rose or yellow colour. The MIC was defined as the lowest concentration of the alkaloid compound rich-fractions at which no colony was observed after incubation. So, the MIC was defined as the lowest concentration at which no visible growth was observed.
Minimal bactericidal concentration (MBC)
Minimum bactericidal concentration (MBC) was recorded as a lowest extract concentration killing 99.9 % of the bacterial inocula after 24 h incubation at 37°C. Each experiment was repeated at least three times. MBC values were determined by removing 100 μl of bacterial suspension from subculture demonstrating no visible growth and inoculating nutrient agar plates. Plates were incubated at 37°C for a total period of 24 h. The MBC is determined with the wells whose the concentrations are ≥ MIC [21, 23] . Table 1 
Evaluation of bactericidal and bacteriostatic capacity
The action of an antibacterial on the bacterial strains can be characterized with two parameters such as Minimum inhibitory concentration (MIC) and Minimum bactericidal concentration (MBC). According to the ratio MBC/MIC, we appreciated antibacterial activity. If the ratio MBC/MIC = 1 or 2, the effect was considered as bactericidal but if the ratio MBC/MIC = 4 or 16, the effect was defined as bacteriostatic [24] .
Time-kill assay
A bactericidal effect is defined as a 3 Log decrease in the CFU/ml or a 99.9 % kill over a specified time [25] . The definition of kill for this study has been used as per [20] . Kill-time can be determined at 6 h [26] . A 90 % kill at 6 h is equivalent to a 99.9 % kill at 24 h [27]. In this study the kill measurement was determined by the actual reduction in viable counts at 6 h for each isolate. Bacteria strains possessing the bactericidal effect were chosen to perform time-kill assay. Thus, 0.5 Mac Farland standards suspensions of microorganisms were diluted to have 50 ml of approximately 10 6 CFU/ml in nutriment broth, and the concentration corresponding to the best MIC, were respectively added to the corresponding culture. The cultures were incubated at 37°C. At 0, 1, 2, 3, 4, 5 and 6 h, an aliquot of 100 μl was removed and diluted with 10 ml sterile broth. The obtained suspension was used to inoculate 9 cm diameter Petri plates with a sterile non toxic cotton swab on a wooden applicator as indicated before in the agar-well diffusion assay. After 24 h incubation at 37°C, the viability of microorganisms was evaluated by the presence of colonies on the plates and the experiment was carried out twice.
Evaluation of the fractional inhibitory concentration index of alkaloid extracts
The Muller Hinton agar dilution method was used to evaluate the Fractional Inhibitory Concentration Index Figure 5 Viability of microorganisms after 6 hours exposure with Alkaloid compounds from Cienfuegosia digitata Cav. Absence of colonies after 6 h. CFU uncountable before 2 h. The results are the means of number of the colonies ± standard deviations.
(FICI) of alkaloid compounds from Cienfuegosia digitata Cav. (Malvaceae) and the tested anti-microbial standards as reported earlier [28, 29] . Eight serial two-fold dilutions of alkaloid compounds were prepared as described before, to obtain final concentration range of 400 to 3.125 μg/ml. A series of two-fold serial dilutions of Methicillin or Ampicillin was also prepared in the same conditions as alkaloid compounds. In this way, all antibacterial standards dilutions were mixed with the appropriate concentration of alkaloid compounds thus obtaining a series of the combinations of conventional antibiotics and alkaloid com- 
Results
The present study reports the antibacterial potency of alkaloid compounds and conventional antibiotics. Alkaloid compounds and conventional antibiotics were tested for antibacterial activity against fifteen clinical isolates of Gram-positive bacteria (MRSA/ARSA) by disc diffusions, Minimum Inhibitory Concentration (MIC), Minimum bactericidal concentration (MBC), Time-kill assay and Fractional Inhibitory Concentration Index (FICI). One noticed that the susceptibility of the bacteria to the alkaloid compounds and in combination with conventional antibiotics on the basis of inhibition zone diameters varied according to microorganism, the results are reported in (Figures 1 and 2 ). There is a significant variation in the diameters of inhibition zone values (DIZ) of alkaloid compounds and their combination with conventional antibiotics. One noticed that all bacterial strains are resistant to the antibiotics comparatively to alkaloid compounds (Figures 1 and 2) .
In the micro-well dilution assay (MIC) and Minimum bactericidal concentration (MBC) of alkaloid compounds and their combination with conventional antibiotics (Methicillin and Ampicillin), result varied according to microorganism (Figures 3 and 4) . The MIC values were ranged from 12.5 to 50 μg/ml and as for the MBC values were ranged from 25 to 200 μg/ml. The bactericidal and bacteriostatic effect of alkaloid compounds and their combination with conventional antibiotics was determined using the ratio MBC/MIC (Table 1) . Concerning the time-kill assay, the results showed that after 6 h exposition there was no viable microorganism in the initial inoculums ( Figure 5, 6 and 7) .
At last, with regard to FICI, our results indicate a synergistic effect between alkaloid compounds and the conventional antibacterial (Tables 2 and 3 ). 
Discussion
Today, there is a renewed interest in traditional medicine and an increasing demand for more drugs from plant sources. This revival of interest in plant-derived drugs is mainly due to the current widespread belief that green medicine is safe and more dependable than the costly synthetic drugs, many of which have adverse side effects [31] . In effect, herbal remedies used in folk medicine provide an interesting and still largely unexplored source for the creation and development of potentially new drugs for chemotherapy which might help overcome to growing problem of resistance and also the toxicity of the currently available commercial antibiotics [32] . There are a lot of antimicrobial drugs of which some are discovered or established and over 250,000 undiscovered flowering plants with medicinal properties exist in worldwide [33] . Hence, the last decade witnessed an increase in the investigations on plants as a source of human disease management [34] and more natural antimicrobials have driven scientists to investigate the effectiveness of inhibitory compounds such as extracts from plants [35] .
Phytochemical constituents such as tannins, flavonoids, alkaloids and several other aromatic compounds are secondary metabolites of plants that serve as defense mechanisms against predation by many microorganisms, insects and herbivores [36] . Several studies have been conducted on the antimicrobial activity of plant extracts found in folk medicine or isolated compounds such as alkaloids. Previous studies have showed that over compounds such as alkaloids have strong antimicrobial activities [17] . The report justifies the traditional use of Cienfuegosia digitata Cav. (Malvaceae) in the bacterial infections because of its capacity of alkaloids compounds [14] .
The antimicrobial compounds from plants may inhibit microbial growth by different mechanisms than those generally indicate for antimicrobial agents and may have significant clinical value in the treatment of microbial resistance [37] . Thus, alkaloids activity could be attributed to their ability to intercalate DNA [38] .
In generally, Gram-positive bacteria should be more susceptible since they have only an outer peptidoclycans layer which is not an effective permeability barrier as reported by [39] . But in this study, we found contradicting results. Staphylococcus aureus some Gram-positive has developed resistance to the β-lactam antibiotics due to the production of chromosomal or plasmid mediated β-lactamases or by producing penicillin binding proteins (PBPs). All the Staphylococcus aureus strains have from PBPs (PBP1 to PBP4), but MRSA express a special PBP (PBP2 or PBP2a) from the mec A gene PBP2a takes over the biosynthetic function of normal PBPs in the presence of inhibitory concentration of β-lactams because PBP2 has a decreased binding affinity to β-lactams [40] . This has resulted in the development of multidrug resistance against β-lactam and other antibiotics. In addition, the polysaccharide capsular material in some of the pathogenic microorganism is responsible for virulence and antimicrobial resistance [41] . This may also explain another aspect of bacterial resistance to conventional antibiotics. However one note that the alkaloid compounds or their combination with conventional antibiotics have effects on bacteria. This could be explained by the fact that the alkaloid compounds inhibit or destroy the action of β-lactamase.
Indeed, synergy research in phytomedicine has established itself as a new key activity in recent years. It is one main aim of this research to find a scientific rational for the therapeutic superiority of herbal drugs derived from traditional medicine as compared with single constituents thereof. Synergy effects of the mixture of bioactive constituents and their byproducts contained in plant extracts are claimed to be responsible for the improved effectiveness of many extracts and conventional antimicrobial drugs [28] . 
Conclusion
The results of present study supports the traditional usage of Cienfuegosia digitata Cav. (Malvaceae) and suggests that this herbaceous possess compounds with high antibacterial properties that can be used as antibacterial agents in developing new drugs for the therapy of infectious diseases caused by pathogenic bacteria. Moreover, based on the results of this study, alkaloid compounds of Cienfuegosia digitata Cav. (Malvaceae) should be analyzed further because of their potential as a source of broad spectrum antimicrobial compounds which can be use for treating infectious diseases caused by MRSA/ ARSA. This highlights the continuous interest in laboratory screening of medicinal plants, not only to determine the scientific rationale for their usage, but also to discover new active principles. 
